ADDITIONAL INDEX WORDS. dormant pruning, Dutch cut, M.9, pruning automation, renewal growth SUMMARY. Renewal of limbs by pruning to leave a short, angled, upward-facing stub is common practice for spindle-type apple (Malus ·domestica) training systems. A short, beveled stub cut is thought to stimulate renewal growth from latent buds present underneath the base of the excised branch, and to stimulate smaller, more fruitful renewal limbs with wide crotch angles. We conducted trials over the course of 2 years that involved dormant pruning of 'Buckeye Gala' with renewal cuts to compare two stub lengths, 0.5 and 2 cm, and three stub orientations, upward facing, downward facing, and vertical facing, to determine the effects on renewal shoot number, position, angle, and length. We found no clear advantages with either stub length that we evaluated, and there was no improvement in renewal shoot quality with a bevel cut at any orientation. Stub length and stub angle did not influence limb renewal and may be unimportant for training orchard-pruning crews and for machine-learning and robotic pruning.
F erree and Schupp (2003) described two kinds of pruning cuts. Thinning cuts, whereby the limb is entirely removed, limit the possibility of regrowth by excision of all axillary buds and thin the canopy. With heading cuts, a portion of the limb is retained and the attendant axillary buds allow release from apical dominance, resulting in localized stimulation of branching.
Stubbing is a type of heading cut whereby only a small section of a 2-year-old or older limb is retained to limit the potential branching to a few latent axillary buds near the origin of the limb. Short stub cuts are recommended for spindle-type apple tree training to stimulate the regrowth of new lateral branches, to restrict the canopy volume and branching density, and to maintain favorable distribution of sunlight throughout the canopy (Oberhoffer, 1990; Robinson, 2003; Wertheim, 1968) . Stubbing, or renewal pruning, is also beneficial for reducing the fruiting capacity of apple and is an important step in crop load management (Kon et al., 2018; Schupp et al., 2017) . Wertheim (1968) recommended that limbs should be removed, thus leaving a stub with an upward-facing bevel to stimulate a shorter, weaker wide-angle branch to develop from the lower side of the stub (Fig. 1) . In most cases, such a wide-angle branch tends to be more fruitful and is preferred to an upright branch with more vigorous vegetative growth. This beveled stub cut, often referred as a ''Dutch cut'' (Ferree and Schupp, 2003) in recognition of the early development of spindle training and pruning systems in The Netherlands, has often been recommended for spindle-style trees (Crassweller et al., 2005; Robinson, 2003; Schupp, 2013) . To our knowledge, there has never been a study of stub angle or length that has shown that a short stub with an upward-facing bevel is the optimal technique for obtaining new fruiting lateral branches with a more horizontal branch angle and low vigor. This study evaluated short bevel cuts for limb renewal and the effects of renewal cuts at three angles and two stub lengths on renewal shoot number, position, angle, and length of dormant pruned apple trees.
Materials and methods
Ten tall spindle 'Gala'/Malling 9 (M.9) apple trees with uniform size and vigor were pruned during dormancy, using renewal cuts to remove limbs. Six stub treatments were applied to 10 (2014) or 16 (2015) branches with diameters of 9 to 14 mm. Treatments were short (0.5 cm) or long (2.0 cm) stubs with: 1) cut face perpendicular to the pruned branch cross-section; 2) cut face with an upward-facing bevel, such that 15 mm more branch tissue remained at the bottom (i.e., a standard ''Dutch cut''); or 3) a downward-facing bevel, such that 15 mm more branch tissue remained at the top (Fig. 2) . Treatments were performed in a completely random design with a two-by-three factorial structure.
The number of renewal shoots (vegetative regrowth >2 cm) from each cut, the angle of the renewal shoots from the horizontal position (Fig. 3A) , and the length of the renewal shoots were measured after the completion of seasonal vegetative growth. The positions of the origin of the renewal shoots around the circumference of the cut were recorded (Fig. 3B ).
Results and discussion
Although renewal growth was apparent with all stubbing treatments, there were no differences in shoot number, shoot length, or renewal shoot branch angle during either year among treatments (Table 1). In 2014, stubs with a downward-facing bevel produced more renewal shoots that originated from the top of the cut surface, and 2-cm stubs yielded more renewal shoots that emerged from a horizontal position ( other position, and there were no differences in the renewal shoot origin in 2015.
Our study was conducted on 'Gala', which is a moderately vigorous cultivar of a spreading type III growth habit [Lespinasse (as described by Ferree and Schupp, 2003) ]. Trees with different levels of vigor and different growth habits may differ in response to renewal stub cuts. However, this requires additional study.
Conclusion
No advantages were observed when using a stub length of 0.5 to 2 cm. Furthermore, there was no improvement in renewal shoot quality when a bevel cut was used. Creating the renewal cut in the traditional way requires precise placement of the cutting blades. Although this placement is not especially time-consuming for skilled orchard workers, it does require training for novices.
There is growing interest in automating labor-intensive horticultural practices, including dormant pruning (Herrick, 2017) . Precise placement of the cutting-end effector would require extra steps and more sophisticated vision systems if engineers were to develop robotic pruning systems for apple trees. Perpendicular renewal cuts are as effective as upward-facing ''Dutch cuts'' for stimulating desirable renewal branches and creating smaller wounds, which should facilitate rapid healing. Furthermore, to lessen the risk of infection by pathogens, shorter cuts are preferable to leaving a longer stub (Shigo, 1990) . Table 1 . Effects of renewal stub length and stub angle on renewal shoot number, length, and branch angle of 'Gala'/M.9 apple trees. 
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